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© Electronic devices with thin-film circuit elements forming a sampling circuit 
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© In an LCD or other electronic device, thin-film 
circuit elements on a substrate (100) form a sample- 
and-hold or other sampling circuit (10). The circuit 
(10) comprises a TFT (Ts) as a sampling transistor 
and preferably another TFT (T2) to compensate for 
displacement currents in charging and discharging 
the insulated gate (121) of the sampling TFT. Even 
when T2 is included, a slow drift in output voltage 
(Vo) is observed when Ts switches off, and this 
limits use of the circuit, especially in large area 
active-matrix devir.R<?. in accord?.nc9 with the inven- 
tion this slow drift is removed or significantly re- 
duced by injecting minority carriers into the channel 
region of Ts (and T2) from a doped opposite-type 
region (119) or Schottky contact region (119) which 
is forward biased via a thin-film supply line (129). 
The minority carriers neutralise majority carriers 
which are being slowly released by thermal emission 
from trapping states in the TFT body. 
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This invention relates to electronic devices (for 
example a liquid-crystal display or other flat panel 
display) comprising thin-film circuit elements which 
form a sampling circuit, for example a sample-and- 
hold circuit of the device. A plurality of such sam- 
ple-and-hold circuits may be integrated on the 
same substrate with a matrix of cells, for supplying 
the sampled signals as information to the cells. 
Thus, the circuits may form part of a column driver 
for an active matrix addressed liquid-crystal dis- 
play. However, the present invention may be incor- 
porated in other types of large area electronic 
devices, for example thin-film data stores or image 
sensors. 

There is currently much interest in developing 
thin-film field-effect transistors (hereinafter termed 
"TFTs") on glass and other insulating substrates 
for large area electronics applications, for example 
liquid-crystal displays. Such TFTs fabricated with 
amorphous or polycrystalline silicon films may form 
switching elements of a cell matrix. A recent devel- 
opment involves the fabrication and integration of 
circuits from TFTs (often using polycrystalline sili- 
con), for example integrated drive circuits for the 
matrix of a liquid-crystal display. An important cir- 
cuit function in the column drive circuit of a liquid- 
crystal display as well as in other applications is a 
sample-and-hold circuit comprising a sampling 
transistor between an input node and a charge- 
storage means. 

Different known examples of liquid-crystal dis- 
plays having sample-and-hold circuits in their col- 
umn drive circuits are disclosed, for example, in 
United States patent specification US-A-4 870 399 
(our reference PHA 21395), in the English-language 
Patent Abstracts of Japan (Vol. 15 No. 245) and the 
Kokai drawings of published Japanese patent ap- 
plications Kokai JP-A-03-77922 and JP-A-03- 
77915, and in published European patent applica- 
tion EP-A-0 342 925, the whole contents of which 
are hereby incorporated herein as background re- 
ferences. 

In the specific embodiment of US-A-4 870 39, 
high speed sample-and-hold circuits are made as 
monolithic integrated circuits in single crystal sili- 
con material and so are separate from the display 
substrate. In the displays of JP-A-03-77922 and 
JP-A-03-77915, a sample-and-hold circuit compris- 
ing both a TFT and a signal-accumulation capacitor 
is provided in each of the pixel cell areas of the 
display. In the displays of EP-A-0 342 925, a sam- 
ple-and-hold circuit comprising a TFT is provided 
for each of the column lines of the cell matrix, 
while the capacitance of the respective column line 
and the cells connected thereto provides the 
charge-storage means of the sample-and-hold cir- 
cuit in the EP-A-0 342 925 examples. 



Where the sampling transistor is a TFT ele- 
ment, the transistor has an insulated gate adjacent 
to a semiconductor thin-film body (for example, of 
polycrystalline or amorphous silicon) which accom- 

5 modates a channel region of the transistor under 
the control of the insulated gate; the gate is con- 
nected to a thin-film control line for switching the 
transistor on and off so as to sample a signal from 
the input node and to pass the sampled signal to 

10 the charge-storage means at the output node; the 
passage of the signal by the transistor is by a flow 
of charge-carriers of a first conductivity type (elec- 
trons, in the case of an n channel TFT) which are 
majority charge-carriers of the channel region. 

75 Typical TFT structures are illustrated in the cross 
sectional views of Rgures 3(a) and 4(d) of EP-A-0 
342 925. 

It is recognised in these prior art publications 
that a TFT element has inferior switching char- 
20 acteristics to a transistor formed in single crystal 
silicon. In particular these publications refer to a 
smaller ON current, a larger OFF current and a 
slower switching speed. These inferior characteris- 
tics are understood to result from a high density of 
25 trapping states for charge carriers in grain bound- 
aries of the TFT structure. 

One particular problem which the present in- 
ventors have observed in making sampling circuits 
with a TFT element is a slow drift in the output 
30 voltage at the charge-storage means. This is found 
to correspond to a slow decay in the output signal 
of the TFT sampling transistor, i.e. at the drain of 
the transistor connected to the charge-storage 
means. The effect is sufficiently large to limit the 
35 use of sample-and-hold circuits fabricated from 
TFTs in large-area electronics devices. In particular 
the inventors have found difficulty in designing a 
satisfactory TFT sample-and-hold circuit as part of 
a drive circuit for individual column lines of a large- 
40 area cell matrix, for example a liquid-crystal dis- 
play. As a result of the drift, the signal being held 
by each charge-storage means differs torn the 
input signal sampled by the TFT. Furthermore this 
error in the signal varies with time so that the 
45 magnitude of the error can be significantly different 
for points in a cell matrix which are read after very 
different storage times, for example at the begin- 
ning and end of a row of a large matrix. 

The slow decay in the output signal of a TFT 
so sampling transistor is problematic not only in sam- 
ple-and-hold circuits but also in other types of 
sampling circuit Thus, for example when the out- 
put of the TFT is used as a current (instead of 
stored charge), there is a slow drift in the output 
55 current when the TFT sampling transistor is 
switched off. 

It is an aim of the present invention to over- 
come or at least to reduce significantly this drift 
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problem in the output of sampling circuits compris- 
ing TFT sampling transistors. 

According to the present invention in an elec- 
tronic device comprising on a substrate a pattern of 
thin-film circuit elements which form a sampling 
circuit of the device, the circuit comprising a sam- 
pling transistor between an input node and an 
output node, the sampling transistor is a thin-film 
field-effect transistor element having an insulated 
gate adjacent to a semiconductor thin-film body 
which accommodates a channel region of the tran- 
sistor under the control of the insulated gate, the 
gate being connected to a thin-film control line for 
switching the transistor on and off so as to sample 
a signal from the input node and to pass the 
sampled signal to the output node, the passage of 
the signal by the transistor being by a flow of 
charge-carriers of a first conductivity type which 
are majority charge-carriers of the channel region, 
which device is characterised in accordance with 
the invention by the sampling transistor comprising 
a minority charge-carrier injector region in the vi- 
cinity of the channel region, which injector region is 
connected to a thin-film supply line for forward- 
biasing the injector region with respect to the chan- 
nel region and so providing a supply of charge- 
carriers of a second conductivity type opposite to 
the first type for injection as minority charge-car- 
riers into the channel region during the switching 
off of the transistor. 

The present inventors have discovered that 
such provision of minority carrier injection in the 
vicinity of the channel region can significantly re- 
duce and even completely remove the slow output 
drift of the TFT sampling circuit. This discovery is 
based on an experimental investigation by the 
present inventors of the slow drift phenomenon 
which led to an understanding that the time depen- 
dence of the drift is due to the slow thermal emis- 
sion of electrons in the case of n channel TFTs (or 
holes in the case of p channel TFTs) from trapping 
states deep in the semiconductor band-gap of the 
semiconductor thin-film body of the sampling tran- 
sistor. This slow transient is removed in accor- 
dance with the present invention by injecting holes 
in the case cf an n-chafiuoi TFT (or electrons in the 
case of a p channel TFT) into the body of the 
sampling transistor to neutralise the trapped charge 
when the transistor is being switched off. Particular 
characteristics are illustrated later by reference to 
the experimental results of Figures 5 to 7. 

An injector region and its connection in accor- 
dance with the present invention may be integrated 
with quite different types of TFT structure, both 
conventional types and new types. 

Schottky junctions are sometimes used in thin- 
film technology, and the injector region in accor- 
dance with the present invention may be formed by 



a metal-based film forming a Schottky junction with 
the semiconductor thin-film body of the transistor. 
However, it is more common at present in thin-film 
technology to form p-n junctions, by using doped 
5 semiconductor regions which are deposited on or 
before the semiconductor thin-film body or which 
alternatively are implanted or diffused into the 
semiconductor thin-film body. Thus the sampling 
transistor may be formed with semiconductor 
io source and drain regions of the first conductivity 
type which are coupled to the input and output 
nodes respectively, and the injector region may be 
a semiconductor region of the second conductivity 
type. This injector region (and even a part of its 
;5 connection) may be formed by doping a region of 
the semiconductor thin-film body of the transistor 
with conductivity type determining dopant char- 
acteristic of the second conductivity type (for ex- 
ample by localised dopant implantation), or it may 
20 be formed by a separately deposited film of the 
second conductivity type. Depending on the par- 
ticular thin-film technology employed, the semicon- 
ductor thin-film body itself may be a high resistivity 
material of the first conductivity type or of the 
25 second conductivity type. Usually there is no delib- 
erate conductivity type doping of the transistor thin- 
film body. Because of the high density of trapping 
states in the material, the semiconductor thin-film 
body generally has intrinsic conductivity. The con- 
30 duction channel region of the first conductivity type 
is produced in this semiconductor material adjacent 
the insulated gate, at least during the ON state of 
the TFT under the control of the insulated gate. 
The semiconductor thin-film body is usually of high 
35 mobility polycrystalline silicon for drive circuits of a 
cell matrix such as a liquid-crystal display. How- 
ever other semiconductor materials such as for 
example hydrogenated amorphous silicon or poly- 
crystalline Group ll-VI compound semiconductors 
40 may be used for the transistors in some cases, and 
these transistors may be provided with an injector 
region and its connection in accordance with the 
present invention. 

As well as these variations in the type of thin- 
gs film technology employed, the invention may he 
incorporated in quite different TFT configurations. 
In the most commonly required sampling circuits, 
the sampling transistor will have a single insulated 
gate, but this gate itself may be split into different 
so parts. Furthermore, in some circuits for example, 
the sampling TFT may have one or more insulated 
gates. The region of the semiconductor thin film 
which accommodates the channel region may be 
sandwiched between the substrate and an (or the) 
55 insulated gate. In this case, the sampling TFT may 
be of the so-called "staggered" type or of the so- 
called "co-planar" type. Particular examples are 
described later with the incorporation of the injector 
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region and its connection in various ways in accor- 
dance with the invention. Thus, for example, the 
injector region and its connection may protrude to 
at least one side of the channel region or may be 
located over at least one of the source and drain 
regions. An (or the) insulated gate may be sand- 
wiched between the semiconductor thin-film body 
and the substrate. In this case the sampling TFT 
may be of the so-called "inverted staggered" type, 
a particular example of which will also be de- 
scribed later. The injector region may be located, 
for example, over the channel region in this case. 

A sampling transistor having an injector region 
in accordance with the present invention may be 
used in a sampling circuit having a current as an 
output. Such a circuit may form part of, for exam- 
ple, a current mirror. However, the invention is 
particularly advantageous in removing or at least 
significantly reducing output voltage drift in sam- 
ple-and-hold circuits which have a charge-storage 
means coupled to the output node of the sampling 
transistor. 

In order to remove the effects of displacement- 
current pulses when the gate capacitance of the 
sampling transistor is charged and discharged, it is 
advantageous for the sampling circuit to comprise 
a second TFT whose gate charging and discharg- 
ing characteristics are the same as the sampling 
TFT, the second transistor being switched on when 
the sampling transistor is switched off and vice 
versa. A similar injector region may be incorpo- 
rated in this second TFT so that it has the same 
switching characteristics as the sampling TFT. 

These and other features in accordance with 
the invention are illustrated specifically in embodi- 
ments of the present invention now to be de- 
scribed, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a circuit block diagram of an exam- 
ple of an electronic device in accordance with 
the present invention, and the circuitry of which 
includes a plurality of sample-and-hold circuits; 
Figure 2 is a circuit diagram of an example of 
such a sample-and-hold circuit formed in accor- 
dance with the present invention; 
Figure 3 is a schematic plan view of part of the 
thin-film circuit element pattern of an example of 
the circuit of Figure 2; 

Figure 4 is a cross-sectional view on the line IV- 
IV of Figure 3 of part of an example of the 
circuit element pattern of Figure 3; 
Figure 5 is a plot of the sampled output voltage 
Vo (in volts) against time t (in us) for a circuit 
comprising a TFT sampling transistor which 
does not include minority carrier injection in 
accordance with the present invention; 
Figures 6 and 7 are tracings of oscilloscope 
plots of the variation of current l D+s (on a scale 
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of 2.4 x 10 -7 amps per scale division) against 
time t (on a scale of 0.6ms per scale division) 
when gate voltage pulses Vg are applied to turn 
the sampling TFT on and off; Figure 6 is for the 
situation without minority carrier injection, while 
Figure 7 is for the situation where minority car- 
rier injection is employed in accordance with the 
present invention, and 

Figures 8 and 9 are cross-sectional views of 
other sampling TFTs with minority carrier injec- 
tion in accordance with the present invention. 
It should be noted that, except for the plots of 
Figures 5 to 7, all the drawings are diagrammatic 
and not drawn to scale. Relative dimensions and 
75 proportions of parts of Figures 1,3,4,8 and 9 have 
been shown exaggerated or reduced in size for the 
sake of clarity and convenience in the drawings. 
The same reference signs are generally used to 
refer to corresponding or similar features in the 
20 different embodiments. 

Apart from the formation of its sampling circuits 
10 in accordance with the present invention, the 
electronic device of Figure 1 may be of known type 
and known construction. The device comprises a 
25 matrix 22 of cells 33 (particularly but not exclu- 
sively for a liquid-crystal display) organised in rows 
and columns on an insulating substrate 100, for 
example a glass back panel of the display. The 
matrix 22 has thin-film row lines 24 connected to a 
30 row drive circuit 21 for addressing rows of the 
matrix 22. The matrix 22 also has thin-film column 
lines 26 connected to a column drive circuit 12 for 
supplying sampled signals to cells 33 in the ad- 
dressed row. These lines 24 and 26 and drive 
35 circuits 12 and 21 are integrated in thin-film tech- 
nology on the same substrate 100 as the matrix 22. 
The drive circuit 12 for the column lines 26 com- 
prises a shift register 1 3 which addresses sequen- 
tially individual sample-and-hold circuits 10 for 
40 each column line 26. The present invention permits 
the provision of a high performance individual sam- 
ple-and-hold circuit 10 for each column -tine 26, 
with an individual TFT sampling transistor Ts (see 
Figures 2,3 and 4) for each column line 26. De- 
45 pending on the capacitance of the column line 26, 
each circuit 10 may include a discrete storage 
capacitor C s (as illustrated in Figures 2,3 and 4) or 
the capacitance of the line 26 itself may provide 
the charge-storage means of the sample-and-hold 
so circuit 10. 

Apart from the circuits 10 formed in accor- 
dance with the invention, the device of Figure 1 
may be similar to the active matrix display panel of 
Figure 1 of EP-A-0 342 925 as a particular exam- 
55 pie. Thus, the present Figure 1 is based on Figure 
1 of EP-A-0 342 925, and the features for which the 
same reference signs are used as in Figure 1 of 
EP-A-0 342 925 may be the same as or similar to 
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those of EP-A-0 342 925. This display panel em- 
bodiment of the device of Figure 1 will therefore 
not be described further. Although the switching 
elements 29 in the individual cells 33 of EP-A-0 
342 925 are TFTs, it should be understood that 
other types of switching element 29 may be used 
in such a display, for example thin-film diodes as 
described in European patent application EP-A-0 
561 462 published on 22nd September 1993 (our 
reference PHB33784). The circuit blocks 13,20 and 
23 may be formed with complementary p channel 
and n channel TFTs, or they may be formed en- 
tirely with n channel TFTs. Instead of being a flat 
panel display, the matrix device of Figure 1 may be 
designed for a quite different function, for example 
a data store having a matrix of thin-film switching 
elements 29 for addressing an array of thin-film 
data storage elements (for example thin-film ca- 
pacitors). 

The sample-and-hold circuits 10 are connected 
between signal lines 14 and the column lines 26, 
and they supply the sampled signals as information 
to the cells 33. Each circuit 10 has an input node 
l/P from a signal line 14, a control node G from the 
shift register 13, and an output node O/P to a 
column line 26. An example of the circuit configura- 
tion of each circuit 10 is shown in Figure 2. A 
sampling thin-film transistor Ts is connected be- 
tween the input node l/P and a charge-storage 
means C SI for example a thin-film capacitor. The 
output O/P is taken from the charge-storage ele- 
ment C s . As illustrated in the example of Figures 3 
and 4, the sampling TFT Ts has an insulated gate 
121 adjacent to a semiconductor thin-film body 110 
which accommodates a conduction channel region 
111 of the transistor Ts. The gate 121 is connected 
to a thin-film control line 103 from the shift register 
13 for switching the transistor Ts on and off so as 
to sample a signal from the input node l/P and to 
pass the sampled signal to the charge-storage ele- 
ment C s . The output node O/P of the circuit 10 is 
connected to the charge-storage element C s . 

In a typical column drive circuit 12 for a flat 
panel display, the semiconductor film 110 providing 
the body of the transistor Ts is of high-mobility 
polycrystalline silicon. The film 110 is usually of 
intrinsic conductivity (I), although it may have a low 
p type or n type conductivity. The passage of the 
signal by the transistor Ts under the control of the 
insulated gate 121 is by a flow of charge-carriers of 
a first conductivity type which are majority charge- 
carriers of the channel region 111. By way of 
example Figures 3 and 4 illustrate an n channel 
TFT, in which the carrier flow is by electrons be- 
tween an n type source region 112 and an n type 
drain region 113. The transistor Ts is switched on 
by a positive gate voltage pulse Vg. The pulse Vg 
induces an n type conduction channel in the un- 



doped body region 111 which is between the 
source and drain regions 112 and 113 and under 
the insulated gate 121. When the gate voltage Vg 
falls to zero or goes negative, no conduction chan- 
5 nel is present between the source and drain re- 
gions 112 and 113. However there is a high density 
of trapping states in the polycrystalline silicon ma- 
terial of the film 110. The inventors have found that 
electrons (in an n channel device) which were 
io trapped in trapping states deep in the semiconduc- 
tor band-gap during the ON state of the transistor 
Ts are slowly released from these trapping states 
when the transistor Ts is switched into the OFF 
state. In the absence of hole injection in accor- 
75 dance with the present invention, the release of the 
trapped electrons is by a slow thermal emission 
which results in a slow decay dl of the drain 
current as illustrated in Figure 6 and hence a slow 
drift of the output voltage Vo as illustrated in Figure 
20 5. The inventors find that the slow drift has a 
characteristic logarithmic time dependance. This 
slow drift of the output voltage Vo introduces errors 
into the signal applied to the cells 33. 

Firstly, there is an error in the absolute value of 
25 the sampled signal Vo on each column. Because 
Vo varies with time, the voltage as applied to a cell 
33 on any one particular column line 26 differs 
from that which was sampled at the input l/P for 
that column line 26. Secondly, there is an error 
30 between the signals on different column lines 26 
for cells 33 addressed in any one particular row. All 
the cells 33 of one row 24 are addressed at the 
same time, and yet the signals Vo for the cells 33 
of that row 24 have been sampled by their circuits 
35 1 0 at different times, and so these sampled signals 
have been held by their circuits 10 for different 
lengths of time. Thus, for example in Figure 5, dVa 
indicates the error in Vo for a column line 26a 
which is addressed by the row line 24 at a time t 
40 corresponding to 16us after its signal was first 
stored in C s by switching off its Ts. The cell 33 on 
a column line 26x further along the_row 24 is 
addressed in a much shorter time (2us in Figure 5) 
after its signal Vo was first stored. Assuming that 
45 the same level of signal Vo was sampled for both 
the lines 26a and 26x, then the signal drift for both 
the lines 26a and 26x is represented by the same 
plot as in Figure 5, and the difference between dVa 
and dVx in Figure 5 illustrates the error occurring 
so between the column lines 26a, ... 26x, along a row 
24 of the matrix 22. 

There is another effect on the drain output 
signal of the sampling transistor Ts due to - the 
displacement current which results when the ca- 
55 pacitance of the insulated gate 121 is discharged. 
This capacitance discharge produces a large initial 
current spike due to the free electrons being driven 
rapidly out of the channel. This effect is com- 
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pensated in the circuit of Figure 2 by including in 
the sample-and-hold circuit 10 a second transistor 
T2 whose gate charging and discharging char- 
acteristics when switching ON and OFF are sub- 
stantially the same as those of the sampling tran- « 
sistor Ts. This second transistor T2 has source and 
drain regions 114 and 115 connected together and 
in series between the charge-storage means C s 
and the output node 113 of the sampling transistor 
Ts. The gate 122 of this second transistor is con- n 
nected to a thin-film control line 104 supplying a 
control signal Vg which is complementary to that 
(Vg) supplied to the gate 121 of the sampling 
transistor Ts and slightly delayed as compared with 
Vg. This delayed complementary signal Vg may be n 
fed on the line 104 direct from the shift register 13. 
Alternatively, as illustrated in Figure 2, the signal 
Vg on line 103 from the shift register may be fed to 
both the sampling transistor Ts and to a TFT 
inverter 43 in the circuit 10, and the output of the 2c 
inverter 43 may be fed on line 104 to the second 
transistor T2. The transistor T2 thus compensates 
for the effects due to the displacement current 
pulses which result when the gate capacitance of 
the sampling transistors Ts is charged or dis- 25 
charged. The charge from these very rapid dis- 
placement current pulses would otherwise produce 
an error in the sampled voltage measured across 
the capacitor element C s . However this compensat- 
ing transistor T2 cannot eliminate the slow logarith- 30 
mic drift of the output voltage which occurs only 
when switching off the transistor Ts and which is 
due to emission of trapped electrons from the 
trapping states. 

This slow logarithmic drift is eliminated or at 35 
least considerably reduced in accordance with the 
present invention by providing a minority charge- 
carrier injector region 119 in the vicinity of the 
channel region 1 1 1 of the sampling transistor Ts. In 
the case of the n channel transistor Ts illustrated in 40 
Figures 3 and 4, the injector region 119 is p type 
so as to inject holes. This injector region 119 is 
connected to a thin-film supply line 129 for for- 
ward-biasing the injector region 119 with respect to 
the channel region 1 1 1 and so providing a supply 45 
of holes (in the example of Figures 3 and 4) as 
minority carriers into the channel region 111 during 
the switching off of the transistor Ts. This is most 
easily achieved by connecting the injector region 
119 to ground potential as illustrated in Figures 2 50 
and 4. The resulting suppression of the slow loga- 
rithmic drift can be seen by comparing Figure 7 
with Figure 6. 

In order to obtain the experimental results of 
Figures 6 and 7, the source and drain regions 112 55 
and 113 of a single separate sampling transistor Ts 
were shorted together (similar to the transistor T2) 
and connected to a current measuring circuit. The 



current from this drain and source connection is 
designated as l D +s- This same single transistor 
structure was used for both the measurements and 
was switched off and on with a gate pulse Vg of 20 
volts. In the case of Figure 6 the injector region 
119 was left at floating potential, i.e. without the 
line 129 connected to ground or to any other 
potential; in this case no hole injection can occur 
and the slow decay dl in output signal is observed 
when the transistor Ts is switched off. In the case 
of Figure 7, the injector region 119 was connected 
to ground potential by the line 129, hole injection 
occurs from the p type region 119 into the channel 
region 111 and results in such a rapid neutralisa- 
tion of the trapped electron charge that the slow 
decay effect seems to be completely eliminated. In 
the plot of Figure 7, the rapid displacement current 
pulses remain due to the charging/discharging of 
the gate capacitance of the single transistor Ts. 
However in the sampling circuit of Figure 2, these 
displacement current effects are removed at the 
capacitor Cs by the second transistor T2. 

Figure 3 shows one example of how the circuit 
10 of Figure 2 may be integrated in thin-film tech- 
nology on the substrate 100. The circuit elements 
Ts,T2 and C s may be formed in and on integral 
parts of a common thin-film body 110 which is 
shown in thick outline. In this example, the drain 
113 of Ts and source 114 of T2 are formed by a 
common n+ region 113,114, and the drain 115 of 
T2 is formed by a side-ways protruding part 115 of 
the n+ bottom region 116 of the capacitor C s . A 
doped region 119 of the second conductivity type 
protrudes to one side of the channel region 1 1 1 of 
transistor Ts to form the injector region for Ts and 
at least a part of its connection to the supply line 
129. It is preferable to separate the p+ injector 
region 119 from the n+ source and drain regions 
112 and 113 by a part of the intrinsic or high 
resistivity material of the body 110, in order to 
reduce leakage currents. Because the displace- 
ment currents of Ts flow half towards the_source 
112 and half towards the drain 113, the channel of 
the compensating transistor T2 is half the area of 
the channel 111 of the sampling transistor Ts. In 
Figure 3 Ts and T2 have the same channel length, 
and this half-area is achieved by making the chan- 
nel width of T2 half the channel width of Ts. 
Otherwise, the compensating transistor T2 is of 
substantially the same transistor geometry as Ts. 
In the example of Figure 3 this second transistor 
T2 also includes a minority carrier injector region 
119 (with connection 129) for injecting minority 
charge-carriers into the channel region of T2 during 
the switching off of T2 when Ts is being switched 
on. Thus, in this case, T2 is wholly equivalent to Ts 
as regards its switching characteristics. The injec- 
tor regions 119 of both Ts and T2 may form part of 
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a common p+ region at one side of the transistors 
as illustrated in Figure 3. Broken outlines are used 
in Figure 3 to indicate the gates 121 and 122 of Ts 
and T2 and the second plate 123 of the capacitor 
C s . These conductive regions 121, 122 and 123 
may be formed from a common film, for example 
of doped polycrystalline silicon. This second plate 
1 23 of C s is connected to ground potential, and (as 
illustrated in the example of Figure 3) it may have 
an extension which forms part of the ground line 
129 connected to the p+ injector region 119. 

Figure 4 illustrates one example of the vertical 
construction of the thin-film patterns of Figure 3 
using coplanar TFT technology. In this case the 
semiconductor thin-film body 110 of the transistors 
is deposited on the substrate 100, and the in- 
sulated gates 121, 122 and insulated second plate 
of C s are deposited on the upper surface of the 
body 110. The regions 112,113,114,115,116 and 
119 are formed as doped regions of the body 110. 
The p+ injector regions 119 and n+ capacitor 
region 116 may be formed before depositing the 
dielectric and conductive films for the insulated 
gates. The n+ source and drain regions 
112,113,114,115 are formed after providing the 
gates 121,122 and capacitor plate 123, for example 
by dopant ion implantation. In a specific example, 
the thin-film body 110 may be of undoped poly- 
crystalline silicon with intrinsic conductivity and 
with a thickness in the range of 0.02um to 0.3um, 
for example 0.1 um; the source and drain regions 
112 to 115 may be doped with arsenic or phos- 
phorus in the range of, for example, 10 18 to 10 20 
cm" 3 ; the injector regions 119 may be boron dop- 
ed to a concentration in the range of, for example, 
10 18 to 10 20 cm" 3 , and regions 119 may be spaced 
by a distance in the range of, for example, 1 to 
10nm from the source and drain regions; the chan- 
nel length (i.e. the width of the gate 121,122) 
between source and drain regions may be in the 
range of 5 to 20um, whereas the width of the 
channel 1 1 1 (i.e. gate length) of Ts may be in the 
range of 10 to 500um depending on the capaci- 
tance value of C s and the required rate of charging 
C s . Suppression of the voltage decay dV in the 
output voltage Vo uy minority carrier injection in 
accordance with the invention permits the use of 
larger area sampling transistors Ts for faster charg- 
ing of a given C s . 

In Figure 4, no reference signs are given to the 
dielectric films between the semiconductor body 
110 and the electrodes 121, 122 and 123. These 
dielectric films may be silicon nitride and/or silicon 
dioxide and may have a thickness in the range of 
0.05 to 0.5um, at least for the insulated gates 121 
and 122. It may be desirable to form the dielectric 
and upper plate 123 of capacitor C s in different 
technology and process steps from the insulated 



gates 121 and 122, depending on desired capaci- 
tance values and convenience in manufacture. 
Thus, at least part of the capacitor dielectric may 
be a later deposited insulating film, and the upper 
5 plate 123 may be formed from the same conduc- 
tive film as provides source and drain metallization 
(references 133 and 135 in Figure 4) for Ts and T2. 
Instead of doping part of the body 110, the bottom 
plate of the capacitor C s may be formed conve- 
io niently from the same film as provides the gates 
121 and 122 and be separated by a further insulat- 
ing film from the upper plate 123 which may be 
formed simultaneously with the source and drain 
metallization 133,135. This modification avoids an n 
75 type doping step (for the bottom plate 116) before 
the source and drain doping for regions 112 to 115. 

Figures 3 and 4 illustrate the p type injector 
region 119 extending beneath the insulated gates 
121 and 122, which requires a separately masked 
20 p type doping step before providing the insulated 
gates 121 and 122. However, the injector regions 
119 may be formed by boron implantation after 
providing the insulated gates 121 and 122; in this 
case the edge of the injector region 119 nearest 
25 the transistor channel may be aligned with the 
edge of the gate 121, 122 by using the insulated 
gates 121 and 122 as part of the implantation mask 
for the boron implant. 

It will be evident from what is described above 
30 that the present invention may also be used with 
quite different TFT technologies. Two such exam- 
ples are illustrated in Figures 8 and 9 in respect of 
the construction of the sampling transistor Ts. It 
should be understood that the same thin-film tech- 
35 nologies as used to form Ts in Figures 8 and 9 
may be used to form the other thin-film circuit 
elements T2 and C s and their connections in the 
Figure 2 circuit. 

Figure 8 illustrates the inclusion of the p + 
40 injector region 119 and its ground connection 129 
in a so-called "staggered" TFT configuration. In 
this example the source and drain regions 1 1 2 and 
113 are formed in an n+ thin film on the substrate 
100, then the semiconductor film 110 for the tran- 
45 sistor body is deposited, then the injector region(s) 
is formed by a p+ further film deposited on the 
film 110, and finally the insulated gate 121 and 
connection lines 129 are formed by further films. 
Thus, in the example of Figure 8 the injector region 
so 119 is a doped region of the second conductivity 
type which is located adjacent to the upper surface 
of the semiconductor thin-film body 110 and over 
the source and drain regions 112 and 113 of Ts. 
Figure 8 shows the p+ injector region 119 over 
55 both the source and drain regions, but the region 
119 may be located over only the source region 
1 12 or over only the drain region 1 13 if so desired. 
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Figure 9 illustrates the inclusion of the p + 
injector region 119 and its ground connection 129 
in a so-called "inverted staggered" TFT configura- 
tion. In this example the insulated gate 121 is 
sandwiched between the substrate 100 and the 5 
semiconductor thin-film body 110. The injector re- 
gion 119 is a doped region of the second con- 
ductivity type which is located adjacent to the 
upper surface of the semiconductor thin-film body 
110 and over at least a part of the channel region w 
111. The p+ region 119 may be formed from a 
separately deposited film on the thin-film body 110 
of Ts, or it may be formed by dopant implantation 
into the upper surface of the body 1 10. 

As mentioned above, the capacitance of the 75 
respective column line 26 may be used to provide 
the entire charge-storage means for the sample- 
and-hold circuit 10. In this case a separate distinct 
capacitor C s is not provided. 

Figure 3 illustrates the connection 129 for the 20 
injector region 119 as an extension of one plate 
123 of the capacitor C s . However, the connection 
129 may be completely separate from the capaci- 
tor C s , and different potentials may be applied to 
the injector region 119 and to the capacitor C s (if 25 
any such capacitor is present). Thus, for example, 
when sampling negative voltages at the input node 
l/P, the injector region 119 may be connected (via 
129) to a negative potential. This negative potential 
applied to the region 119 is less than that of the 30 
channel region 111 and of the signal being sam- 
pled, and so the injector region 119 is still forward- 
biased with respect to the channel region 1 1 1 when 
the transistor is switched off. 

The present invention is especially beneficial 35 
for sampling analogue signals as information for 
column lines 26 of a matrix. However, sampling 
transistors with minority-carrier injector regions 119 
(and connections 129) may be used with digital 
signal levels, for example in a row driver buffer 40 
circuit 23 of Figure 1 which provides an output on 
the row lines 24 for addressing the cells 33. 

As mentioned above the active matrix device 
may be a flat-panel display or for example a data 
store. However, the active matrix device may be 45 
image sensor having a matrix 22 of cells 33 each 
comprising a thin-film image-sensing element (for 
example a photodiode) addressed by a thin-film 
switching element 29 via row lines 24; in this case, 
the photodiode signal may be output to sensing 50 
circuitry 13 via a sample-and-hold circuit 10 which 
acts as an integrator for the signal. Such a circuit 
10 for an image sensor may be constructed in 
accordance with the present invention with a TFT 
sampling transistor Ts having a forward-biased in- 55 
jector region 1 1 9. 

From reading the present disclosure, other 
variations and modifications will be apparent to 



persons skilled in the art. Such variations and 
modifications may involve equivalents and other 
features which are already known in thin-film tech- 
nologies and in the design, manufacture and use of 
sample-and-hold circuits and of drive circuits for 
active matrix devices and component parts thereof, 
and which may be used instead of or in addition to 
features already described herein. Although claims 
have been formulated in this application to particu- 
lar combinations of features, it should be under- 
stood that the scope of the disclosure of the 
present application also includes any novel feature 
or any novel combination of features disclosed 
herein either explicitly or implicitly or any 
generalisation thereof, whether or not it relates to 
the same invention as presently claimed in any 
claim and whether or not it mitigates any or all of 
the same technical problems as does the present 
invention. The applicants hereby give notice that 
new claims may be formulated to such features 
and/or combinations of such features during the 
prosecution of the present application or of any 
further application derived therefrom. 

Claims 

1. An electronic device comprising on a substrate 
a pattern of thin-film circuit elements which 
form a sampling circuit of the device, the cir- 
cuit comprising a sampling transistor between 
an input node and an output node, which sam- 
pling transistor is a thin-film field-effect transis- 
tor element having an insulated gate adjacent 
to a semiconductor thin-film body which ac- 
commodates a channel region of the transistor 
under the control of the insulated gate, the 
gate being connected to a thin-film control line 
for switching the transistor on and off so as to 
sample a signal from the input node and to 
pass the sampled signal to the output node, 
the passage of the signal by the transistor 
being by a flow of charge-carriers of, a first 
conductivity type which are majority charge- 
carriers of the channel region, which device is 
characterised in that the sampling transistor 
comprises a minority charge-carrier injector re- 
gion in the vicinity of the channel region, which 
injector region is connected to a thin-film sup- 
ply line for forward-biasing the injector region 
with respect to the channel region and so 
providing a supply of charge-carriers of a sec- 
ond conductivity type opposite to the first type 
for injection as minority charge-carriers into the 
channel region during the switching off of the 
transistor. 

2. A device as claimed in claim 1, further charac- 
terised in that the sampling transistor com- 
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prises semiconductor source and drain regions 
of the first conductivity type which are coupled 
to the input and output nodes respectively, and 
the injector region is a semiconductor region of 
the second conductivity type. 5 

3. A device as claimed in claim 2, further charac- 
terised in that the semiconductor thin-film 
which provides the body of the sampling tran- 
sistor has a region which is doped with con- 10 
ductivity type determining dopant characteris- 
tic of the second conductivity type to form the 
injector region of the second conductivity type. 

4. A device as claimed in claim 2 or claim 3, 15 
further characterised in that the region of the 
semiconductor thin film which accommodates 

the channel region is sandwiched between the 
substrate and the insulated gate. 

20 

5. A device as claimed in claim 3 or claim 4, 
further characterised in that a doped region of 
the second conductivity type protrudes to one 
side of the channel region to form both the 
injector region and at least a part of its con- 25 
nection to the supply line. 

6. A device as claimed in claim 4, further charac- 
terised in that the injector region is a doped 
region of the second conductivity type which is 30 
located adjacent to the upper surface of the 
semiconductor thin-film body and over at least 

one of the source and drain regions of the 
transistor. 

35 

7. A device as claimed in claim 3, further charac- 
terised in that the insulated gate is sandwiched 
between the substrate and the semiconductor 
thin-film body, and the injector region is a 
doped region of the second conductivity type 40 
which is located adjacent to the upper surface 

of the semiconductor thin-film body and over 
at least a part of the channel region. 

8. A device as claimed in any one of the preced- 45 
iny uiairns, further characterised in tnat the 
sampling circuit is a sample-and-hold circuit 
comprising a charge-storage means coupled to 

the output node of the sampling transistor. 

50 

9. A device as claimed in claim 8, further charac- 
terised in that the sample-and-hold circuit com- 
prises a second thin-film field effect transistor 
whose gate charging and discharging char- 
acteristics when switching on and off are sub- 55 
stantially the same as those of the sampling 
transistor, the second transistor has source 

and drain regions connected together and in 



series between the charge-storage means and 
the output node of the sampling transistor, and 
the gate of the second transistor is connected 
to a thin-film control line supplying a control 
signal complementary to that supplied to the 
gate of the sampling transistor. 

10. A device as claimed in claim 9, further charac- 
terised in that the second transistor includes a 
minority charge-carrier injector region for in- 
jecting minority charge-carriers into the chan- 
nel region of the second transistor during the 
switching off of the second transistor when the 
sampling transistor is being switched on. 

11. A device as claimed in any one of claims 8 to 
10, further characterised by comprising a plu- 
rality of the sample-and-hold circuits integrated 
on the same substrate with a plurality of cells, 
and in that the sample-and-hold circuits supply 
their sampled signals as information to the 
cells. , 

12. A device (particularly, but not exclusively, a 
liquid-crystal display) as claimed in claim 11, 1 
further characterised in that the cells are or- 
ganised in a matrix which has thin-film row 
lines for addressing rows of the matrix and has 
thin-film column lines for supplying the sam- 
pled signals to cells in the addressed row, and 
in that a drive circuit for the column lines 
comprises an individual one of the sample- 
and-hold circuits for each column line. 

13. A device as claimed in any one of the preced- 
ing claims, further characterised in that the 
injector region of the sampling transistor is 
connected to ground potential by the thin-film 
supply line. 
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